*Dear Sir,*

In April 2020, we published in this journal an article which highlighted the role of saliva as a reliable biological fluid to detect SARS-CoV-2.[@bib0001]

When we published the paper, Italy was on full lockdown at the peak of the COVID-19 epidemic.

Then, on June 3rd, 2020, the Italian government started the so-called "Phase 2″, which included the re-opening of working and social activities. In this framework, the issue of how to identify the asymptomatic individuals who, unwittingly, can spread SARS-CoV-2 infection and pose a threat to the public health has been raised worldwide.[@bib0002] It is now imperative to guarantee the health and safety of the people called back to work, and to create a safety protocol in commercial and meeting spaces, which means preventing infected people from causing new epidemic outbreaks.

For this purpose, a well-established mass screening program is required to meet several needs: first, it should provide the result in a few minutes, it should be easily delivered on the territory, it should be performed in a simple way also by non-medical healthcare professionals, and eventually it should be non-invasive, repeatable and reliable.

To date, the diagnosis of SARS-CoV-2 infection is made by identifying the viral RNA in samples collected through a nasopharyngeal swab or other respiratory samples.[@bib0003] This technique, however, has several limitations for its application in a mass screening, among which the most important ones are the time necessary for the diagnosis, the crowding of those centers appointed to analyze the specimens, and the non-negligible risk of viral transmission to the healthcare workers.[@bib0004]

The use of saliva as a diagnostic sample has several advantages, since it can be easily provided by the patient and it does not require specialized personnel for its collection.[@bib0005] After these considerations, we conducted a diagnostic accuracy study to validate the use of a *Rapid Salivary Test* (*RST*) as a point-of-need antigen test suitable for a mass screening program.

Subjects who underwent the nasopharyngeal swab procedure for the diagnosis of SARS-CoV-2 infection were consecutively recruited in three independent medical areas in our hospital: the COVID-19 wards (inpatients, with the exclusion of those subjects admitted to the Intensive Care Unit), the Emergency Room (patients at high risk of disease) and the area for the healthcare workers (subjects at low risk of disease). At the same time of the nasopharyngeal swab procedure in the morning, each recruited subject provided a salivary sample of about 1 mL by the drooling technique.[@bib0006]

The RST consisted of an antigen test based on a customized Lateral flow assay (LFA) kit which was used to detect the presence of the virus in the saliva by identifying the viral Spike protein ([Fig. 1](#fig0001){ref-type="fig"} ).Fig. 1*Rapid Salivary Test based on Lateral flow technique and its interpretation*. The customized sandwich LFA was designed to detect the presence of SARS-CoV-2 in salivary samples using a polyclonal antibody directed against the viral Spike protein. The same anti-Spike antibody (αSpike) was differentially conjugated in order to work as either capture antibody or detection antibody in the sandwich. Universal nitrocellulose LFA strips were used to perform the immunochromatography test. The applied sample was a mixture of diluted saliva and conjugated antibodies, added with an internal validity control (biotin). LFA results were read based on the appearance of a red "Control-line" (C-line) and a red "Test-line" (T-line) on the strip. (a) The C-line on the strip consists of immobilized streptavidin. 40 nm gold-conjugated biotin (GOLD-biotin) is added to the sample. When the flow of the sample reaches the C-line, streptavidin binds biotin with high affinity and the red C-line appears on the strip (valid test). If the flow does not reach the C-line, the test is invalid. (b) The T-line on the strip consists of immobilized anti-Ulfa-tag antibodies (αUlfa). The capture antibody is conjugated with the Ulfa-tag (αSpike-Ulfa), while the detection antibody is conjugated with 40 nm gold particles (αSpike-GOLD). When the Spike protein is present (positive test), the antibody sandwich forms and the red T-line appears on the strip. By contrast, when the Spike protein is absent (negative test), the sandwich does not form and the red T-line is not detectable. (c) The LFA strip consists of a nitrocellulose membrane, containing a "Control-line" (C-line) and a "Test-line" (T-line). The test is "positive" (presence of SARS-CoV-2) when both red lines are visible. The intensity of the T-line can be qualitatively evaluated using a scoring card. The test is "negative" (absence of SARS-CoV-2) when only the red C-line is detectable. The test is "invalid" when the red C-line is not visible, regardless of the presence of the red T-line. (d) Example of a run with a positive result (on the left) and of a run with a negative result (on the right). Both of these runs were valid since the control line appeared. The scoring card of the commercial kit (Abcam cat\# ab270537) is shown on the right.Fig 1

The nasopharyngeal swab was analyzed by independent blinded clinicians through real-time reverse transcription (rRT)-PCR accordingly to the International guidelines.[@bib0007] In addition, the salivary sample collected for the RST was also examined by rRT-PCR to provide data about the presence of the virus in the saliva and to better analyze any discrepancy between the results of the RST and the nasopharyngeal swab.

A total number of 122 patients were recruited in this study (*Fig. S1 -- STARD flow diagram, Appendix*). The mean age was 53.5 +/- 19.8 years, and there was a M:*F* = 1:2 ratio (*Table S1, Appendix*). Three subjects were excluded from the analysis because their RST failed and was not repeated. Thus, 119 subjects were included into the analysis. The results are reported in [Table 1a](#tbl0001){ref-type="table"} . The sensitivity of the RST was 0.93 (95% CI: 0.77--0.99), while its specificity was apparently low, i.e., 0.42 (95% CI: 0.32--0.53). There were not differences between the recruited subgroups or among the asymptomatic and symptomatic individuals.Table 1aAssessment of sensitivity and specificity of the RST test (with 95% confidence interval) with respect to the nasopharyngeal swab, in the overall sample and stratified according to the setting of recruitment and presence of COVID-19 symptoms at the time of the swab test.Table 1aSensitivity assessmentSpecificity assessmentn, N^\^^Sensitivity (95%CI)n, N\*Specificity (95%CI)All subjects26, 280.93 (0.77; 0.99)38, 910.42 (0.32; 0.53)Setting of the nasopharyngeal swab procedureCOVID-19 hospitalized patients23, 250.92 (0.74; 0.99)4, 130.31 (0.09; 0.61)ER patients2, 21.0 (0.16; 1.0)7, 180.39 (0.17; 0.64)Healthcare workers1, 11.0 (-)27, 600.45 (0.32; 0.58)COVID-19 symptomsAny symptom22, 240.92 (0.73; 0.99)7, 170.41 (0.18; 0.67)No symptoms4, 41.0 (0.40; 1.0)31, 740.42 (0.31; 0.54)[^4][^5][^6][^7]

One hundred fourteen subjects had their salivary sample also analyzed by rRT-PCR ([Table 1b](#tbl0002){ref-type="table"} ). A very striking feature was observed when comparing the results of the salivary rRT-PCR with those of the nasopharyngeal swab in the subjects who had been previously classified as false negatives and false positives with the RST (*Fig. S2a, Appendix*). The two subjects who were classified as false negatives tested also negative by salivary rRT-PCR, thus the viral RNA was not detected in the saliva.Table 1bAssessment of sensitivity and specificity of the RST test (with 95% confidence interval) with respect to results recorded by salivary rRT-PCR, in the overall sample and stratified according to the setting of recruitment and presence of COVID-19 symptom at the time of the swab test.Table 1bSensitivity assessmentSpecificity assessmentn, N^\^^Sensitivity (95%CI)n, N\*Specificity (95%CI)All subjects°50, 550.91 (0.80; 0.97)35, 580.60 (0.47; 0.73)Setting of the nasopharyngeal swab procedureHospitalized patients with suspect COVID-1924, 241.0 (0.86; 1.00)6, 110.55 (0.23; 0.83)ER patients9, 110.82 (0.48; 0.98)5, 80.63 (0.24; 0.91)Healthcare workers17, 200.85 (0.62; 0.97)24, 390.62 (0.45; 0.77)COVID-19 symptomsAny symptom25, 270.92 (0.76; 0.99)7, 110.64 (0.31; 0.89)No symptoms25, 280.89 (0.72; 0.98)28, 470.60 (0.44; 0.74)[^8][^9][^10][^11]

Startingly, 57% of the false positive cases had their saliva positive also when analyzed with rRT-PCR, which means that the virus was actually present and that the nasopharyngeal swab was less sensitive in these cases. These discrepancies between the salivary rRT-PCR and the nasopharyngeal swab were also confirmed by sequencing a sample of the positive specimens (*Fig. S3, Table S2, Appendix*). There were no differences in the viral load values among RST True positive (median value: 472 copies/μl, IQR: 145--975) and False positive subjects (median value: 371 copies/μl, IQR: 149--727; Kruskal--Wallis test *p* = 0.6) nor between asymptomatic or symptomatic individuals (median values: 480 vs 195 copies/μl, respectively; Kruskal--Wallis test *p* = 0.6) (*Fig. S2b, Table S3, Appendix*).

In our study we recorded a high sensitivity (i.e., 93%) and a mediocre specificity (i.e., 42%) of the RST.

These results were explained by two reasons. Firstly, the specificity suffered the fact that the majority of the presumed false positive individuals with the RST were rather positive also by salivary rRT-PCR, giving reason to the index test. Therefore, their nasopharyngeal swab (i.e., reference standard) provided a false negative result. Secondly, a certain degree of difficulty in reading the strip was reported by the observers, especially for low-intensity signals. In these cases, the observers tended to overestimate the positivity of the test, and this accounts for most of the remaining false positive cases. This fault will be corrected in the following stage of our project, when it translates into an industrial prototype which will be tested on the general population in the next weeks.

In conclusion, the RST based on LFA to detect the presence of SARS-CoV-2 may represent an innovative step in the diagnosis of the infection and in the armamentarium against the pandemic. Accordingly, it should be part of those policies of containment of the infection that the political decision-makers have to implement on the basis of Public Health Safety.
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A detailed report of the clinical design of the study and of the laboratory procedures can be found in the *Supplementary Appendix.*
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